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ABSTRACT 
Risk  ana lys is  has been i n c r e a s i n g l y  r e c e i v i n g  a t t e n t i o n  i n  making environmental 
dec is ions .  For example, i n  i t s  May 18, 1993 Combustion St ra tegy  announcement, 
EPA r e q u i r e d  t h a t  any issuance o f  a new hazardous waste combustion permi t  be 
preceded by t h e  performance o f  a complete ( d i r e c t  and i n d i r e c t )  r i s k  assess- 
ment. T h i s  new requirement i s  a major chal lenge t o  many 'engineers who are 
i n v o l v e d  i n  waste i n c i n e r a t i o n  a c t i v i t i e s .  Th is  Paper p resents  t h e  h i g h l i g h t s  
o f  what i s  r e q u i r e d  f o r ' a  r i s k  ana lys is  from a p r a c t i c a l  eng ineer ing  p o i n t  o f  
view. It prov ides  t h e  r e g u l a t o r y  bas is  f o r  it t o  p rov ide  t h e  r a t i o n a l e  as t o  
why r i s k  ana lys is  i s  needed. 

INTRODUCTION 
"Nothing would be done a t  a l l  i f  a man waited till he cou ld  do i t  so w e l l  t h a t  
no one cou ld  f i n d  f a u l t  w i t h  i t " - - C a r d i n a l  Jewman. Cardina; Newman's statement 
i s  very  p e r t i n e n t  t o  t h e  sub jec t  o f  R isk  Ana lys is .  The assessment o f  
environmental r i s k s  posed t o  human h e a l t h  i s  an i n c r e d i b l y  complex undertaking. 
Because of  t h i s  complexi ty,  i t  i s  very  d i f f i c u l t  t o  do much more than i d e n t i f y  
sources and e f f e c t s  o f  p o t e n t i a l  concern and, i n  a rough manner, t o  q u a n t i f y  
t r a n s p o r t  along major  pathways (Mar t in -86) .  I n  add i t ion ,  r i s k  a n a l y s i s  has 
been b a s i c a l l y  developed by s c i e n t i s t s .  Th is  makes i t  more d i f f i c u l t  f o r  
zngineers t o  apply t h e  r i s k  models developed by these s c i e n t i s t s  t o  t h e i r  

rea l -wor ld ' '  waste t reatment problems, because o f  t h e  d i f f e r e n t  d i s c i p l i n e s  and 
te rmino log ies  invo lved.  

B a s i c a l l y ,  t h e  au thors  used t h e  documents contained i n  t h e  "References Sect ion" 
t o  d e r i v e  t h e  i n f o r m a t i o n  f o r  t h i s  Paper. The o b j e c t i v e  o f  t h i s  Paper i s  t o  
summarize t h e  h i g h l i g h t s  o f  what i s  r e q u i r e d  f o r  a r i s k  a n a l y s i s  from a 
p r a c t i c a l  eng ineer ing  p o i n t  o f  view. I t  emphasizes the  documentation o f  r i s k  
ana lys is  requirements from var ious  environmental s t a t u t e s .  The purpose i s  t o  
e s t a b l i s h  t h e  r e g u l a t o r y  b a s i s  r e l a t i v e  t o  why r i s k  a n a l y s i s  i s  needed, and 
how r i s k  ana lys is  should be conducted. I t i s  be l ieved t h a t  t h e  understanding 
o f  the  s t a t u t o r y  p r o v i s i o n s  i s  important and t h a t  the  o n l y  way t o  fo rmula te  the  
proper r i s k  a n a l y s i s  approach i s  t o  comply w i t h  t h e  r e g u l a t o r y  requirements 
under t h e  s p e c i f i c  environmental  laws t h a t  apply. For example, i n  t h e  past,  
r i s k  assessments were n o t  r e q u i r e d  f o r  o b t a i n i n g  a hazardous waste i n c i n e r a t i o n  
permi t .  However, i n  i t s  May 18, 1993 Combustion St ra tegy  announcement, EPA 
r e q u i r e d  t h a t  any issuance o f  a new hazardous waste combustion p e r m i t  be 
preceded by a complete d i r e c t  and i n d i r e c t  r i s k  assessment (EPA-93/5). Th is  
new requirement i s  a major cha l lenge t o  many engineers who are invo lved i n  
waste i n c i n e r a t i o n  a c t i v i t i e s .  

REGULATORY BASIS FOR RISK ASSESSMENT 
Risk  i s  t h e  p r o b a b i l i t y  o f  i n j u r y ,  disease, o r  death under s p e c i f i c  
circumstances (Lee-92/6). R i s k  assessment i s  a cornerstone o f  environmental 
decis ion-making. EPA d e f i n e s  r i s k  assessment as: (1 )  the  de terminat ion  o f  the  
k i n d  and degree of  hazard posed by an agent (such as a harmful  substance); ( 2 )  
t h e  e x t e n t  t o  which a p a r t i c u l a r  group o f  people has been o r  may be exposed t o  
t h e  agent; and (3 )  t h e  present or p o t e n t i a l  h e a l t h  r i s k  t h a t  e x i s t s  due t o  the  
agent (Lee-92/6). R i s k  assessment i s  a complex process by which s c i e n t i s t s  
determine t h e  harm t h a t  an i n d i v i d u a l  substance can i n f l i c t  on human h e a l t h  o r  
t h e  environment. For  human h e a l t h  r i s k  assessment, t h e  process takes p lace  i n  
a ser ies  o f  f o u r  major steps as f o l l o w s  (EPA-90/6; NAC-83): 

(1) Hazard i d e n t i f i c a t i o n :  I n  i d e n t i f y i n g  hazards, two k inds  o f  da ta  are 
gathered and evaluated: (A) data on the  types o f  h e a l t h  i n j u r y  o r  disease 
t h a t  may be produced by a chemical; and (B) da ta  on t h e  c o n d i t i o n s  o f  
exposure under which i n j u r y  o r  disease i s  produced. The behavior o f  a 
chemical w i t h i n  t h e  body and t h e  i n t e r a c t i o n s  i t  undergoes w i t h  organs, 
c e l l s ,  o r  even p a r t s  of c e l l s  may a lso  be charac ter ized .  Such da ta  may 
be of value i n  answering t h e  u l t i m a t e  ques t ion  o f  whether t h e  forms o f  
t o x i c i t y  known t o  be produced by a substance i n  one popu la t ion  group o r  
i n  exper imental  s e t t i n g s  a r e  a l s o  l i k e l y  t o  be produced i n  humans. 

( 2 )  Dose-response assessment: The nex t  step i n  r i s k  assessment descr ibes  the  
r e l a t i o n s h i p  between the  amount o f  exposure t o  a substance and the  e x t e n t  
of t o x i c  i n j u r y  o r  disease. Even where good ep idemio log ica l  s tud ies  have 
been conducted, r e l i a b l e  q u a n t i t a t i v e  da ta  on exposure i n  humans are 
r a r e l y  a v a i l a b l e .  Thus, i n  most cases, dose-response r e l a t i o n s h i p s  must 
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be est imated from s tud ies  i n  animals, which immediately r a i s e s  t h r e e  
Serious problems: (A) animals are u s u a l l y  exposed a t  h i g h  doses, and 
e f f e c t s  a t  low doses must be pred ic ted  by u s i n g  t h e o r i e s  about t h e  form 
Of t h e  dose-response r e l a t i o n s h i p ;  (B) animals and humans o f t e n  d i f f e r  
i n  s u s c e p t i b i l i t y  (if only  because o f  d i f f e r e n c e s  i n  s i z e  and 
metabolism); and ( C )  t h e  hu an popu la t ion  i s  heterogeneous, so some 
i n d i v i d u a l s  a re  l i k e l y  t o  be 

( 3 )  Human exposure assessment: Assessment o f  human exposure r e q u i r e s  
es t imat ion  o f  t h e  number o f  people exposed and t h e  magnitude, dura t ion ,  
and t i m i n g  of t h e i r  exposure. The assessment c o u l d  i n c l u d e  past 
exposures, c u r r e n t  exposures, o r  exposures a n t i c i p a t e d  i n  t h e  f u t u r e .  
I n  some cases, measuring human exposure d i r e c t l y ,  e i t h e r  by measuring 
l e v e l s  of t h e  hazardous agents i n  t h e  ambient environment o r  by using 
personal monitors,  i s  f a i r l y  s t ra igh t fo rward .  I n  most cases, however, 
d e t a i l e d  knowledge i s  requ i red  of t h e  f a c t o r s  t h a t  c o n t r o l  human 
exposure, i n c l u d i n g  those f a c t o r s  t h a t  determine t h e  behavior o f  the  
agent a f t e r  i t s  re lease i n t o  t h e  environment. 

(4) Risk c h a r a c t e r i z a t i o n :  The f i n a l  step i n  r i s k  assessment combines the  
in fo rmat ion  gained and ana lys is  performed d u r i n g  t h e  f i r s t  t h r e e  stepes 
t o  determine the  l i k e l i h o o d  t h a t  humans w i l l  exper ience any o f  the  
var ious  forms of t o x i c i t y  associated w i t h  a substance. The r i s k  
c h a r a c t e r i z a t i o n  then becomes one o f  the  f a c t o r s  considered i n  dec id ing  
whether and how t h e  substance w i l l  be regu la ted .  

I n  the 198Os, as h e a l t h  r i s k  assessment became more w ide ly  used across U.S. €PA 
programs, t h e  need f o r  consensus and consistency i n  t h e  areas o f  hazard 
i d e n t i f i c a t i o n  and dose-response assessment became c l e a r .  I n  1986, €PA work 
groups were convened t o  e s t a b l i s h  consensus p o s i t i o n s  on a chemical -by-chemical 
basis f o r  those substances o f  common i n t e r e s t  and t o  develop a system f o r  
communicating t h e  p o s i t i o n s  t o  €PA r i s k  assessors and r i s k  managers. This 
e f f o r t  r e s u l t e d  i n  the  c r e a t i o n  o f  EPA's I n t e g r a t e d  Risk I n f o r m a t i o n  System 
(IRIS) i n  1986. I n  1988, the  I R I S  was made a v a i l a b l e  t o  t h e  p u b l i c .  

I R I S  c u r r e n t l y  conta ins  summaries o f  EPA human h e a l t h  hazard i n f o r m a t i o n  t h a t  
support two o f  the  f o u r  steps--hazard i d e n t i f i c a t i o n  and dose-response 
eva lua t ion- -o f  t h e  r i s k  assessment process. I t c u r r e n t l y  conta ins  in fo rmat ion  
on approximately 500 s p e c i f i c  substances. Quest ions such as "what i s  the  
p o t e n t i a l  human h e a l t h  hazard o f  exposure t o  benzene?" and "what are the  
possible cancer and/or non-cancer e f f e c t s ? "  can f i n d  answers f rom IRIS (EPA- 
93/1). 

A key f a c t o r  a f f e c t i n g  t h e  r e g u l a t o r y  coverage o f  a s t a t u t e  i s  t h e  d e f i n i t i o n  
o f  the substances sub jec t  t o  r e g u l a t i o n .  The s t a t u t e s  use several  des;riptive 
terms, n o t  n e c e s s a r i l y  having the  same meaning, t o  i d e n t i f y  harmful 
substances." These inc lude p o l l u t a n t ,  t o x i c  po l  1 u tan t ,  hazardous substance, 
contaminant, hazardous m a t e r i a l ,  and hazardous waste. The Tox ic  Substances 
Control Act (TSCA), f o r  example, defines "chemical substances" and "mixtures" 
subject  t o  r e g u l a t i o n  i f  c e r t a i n  c r i t e r i a  are met; the  Federal I n s e c t i c i d e ,  
Fungicide, and Rodent ic ide Act (FIFRA) and t h e  Marine Pro tec t ion ,  Research, and 
Sanctuaries ,pet (MPRSA) speci fy categor ies o f  substances [FIFRA d e f i n i n g  
"pes t ic ides ,  and MPRSA "mater ia ls " ] .  

I n  general, t h r e e  aspects of r i s k  are addressed i n  each s t a t u t e .  They are: 
type o f  harm, type  of r i s k ,  and requ i red  cons idera t ions  between t h e  chemical 
and the  harm t h a t  may r e s u l t  (Mar t in -86) .  

TvDe o f  Harm: The type of  harm i s  u s u a l l y  e x p l i c i t l y  descr ibed by terms 
t h a t  d e f i n e  the chemicals o r  the substances t o  be addressed (e.g., a 
hazardous substance t h a t  may cause i n j u r y  t o  h e a l t h  o r  t h e  environment). 
The harm components of  a s t a t u t e ' s  r i s k  d e f i n i t i o n  g e n e r a l l y  c o n s i s t  o f  
a d e s c r i p t i o n  o f  an undesired outcome (death, i n j u r y )  and/or a 
d e s c r i p t i o n  o f  t h e  popu la t ion  ( p u b l i c ,  w i l d l i f e )  a t  r i s k  o r  t h e  o b j e c t i v e  
o f  t h e  r e g u l a t i o n ,  such as p r o t e c t i o n  o f  the  environment. 

TvDe o f  Risk:  Consider ing r i s k  when developing f e d e r a l  r e g u l a t i o n s  encom- 
passes the  p r o b a b i l i t y  o f  harm occur r ing .  The p r o b a b i l i t y  of harm 
presented by a chemical may be considered zero, i n s i g n i f i c a n t ,  o r  
s i g n i f i c a n t .  A term such as " s i g n i f i c a n t  r i s k "  w i l l  then be addressed 
by the  rule-making process. 

Reouired Considerat ions:  The s t a t u t o r y  language may guide t h e  des ignat ion  
and s e t t i n g  o f  t e c h n i c a l  o r  c o n t r o l  standards f o r  e x p l i c i t l y  spec i fy ing  
a b a s i s  f o r  making r e g u l a t o r y  dec is ions  and a l s o  f o r  i n d i c a t i n g  what 
f a c t o r s  must be, may be, o r  may n o t  be considered when developing 
r e g u l a t i o n s .  The s t a t u t e s  discuss the  amount of p r o t e c t i o n  o r  r i s k  
reduc t ions  t o  be addressed through the  issuance o f  standards "necessary, 
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"adequate," o r  " s u f f i c i e n t "  t o  p r o t e c t  h e a l t h  o r  t h e  environment by 
p r o v i d i n g  d e t a i l e d  guidance (e.g., ample margin o f  s a f e t y )  and/or by 
p r e s c r i b i n g  p a r t i a l  f a c t o r s  (e.g., r i s k  and cos t )  t h a t  must be 
considered. 

REGULATORY BASIS FOR RISK MANAGEMENT 
EPA i s  responsib le  f o r  implementing environmental s ta tu tes .  Although, t h e  
s t a t u t e s  g e n e r a l l y  do n o t  p resc r ibe  r i s k  assessment methodologies, many 
environmental laws do p rov ide  very s p e c i f i c  r i s k  management d i r e c t i v e s ,  and 
these d i r e c t i v e s  vary f rom s t a t u t e  t o  s t a t u t e .  EPA de f i nes  r i s k  management as 
t h e  process o f  eva lua t i ng  a1 t e r n a t i v e  r e g u l a t o r y  and non-regulatory  responses 
t o  r i s k  and s e l e c t i n g  among them. The s e l e c t i o n  process necessa r i l y  requ i res  
t h e  cons ide ra t i on  o f  l e g a l ,  economic and soc ia l  f a c t o r s  (Lee-92/6). 

S t a t u t o r y  r i s k  management mandates can be roughly  c l a s s i f i e d  i n t o  th ree  
categor ies:  (1) pure r i s k ;  (2)  technology-based standards; and (3) reasonable- 
ness o f  r i s k  balanced w i t h  b e n e f i t s  (EPA-93/1). 

(1) Pure-Risk Standards 

P u r e - r i s k  standards are,  sometimes, termed z e r o - r i s k  standards. This  
category a l l ows  an adequate margin o f  sa fe ty ,  however, requ i res  the  
p r o t e c t i o n  o f  p u b l i c  h e a l t h  w i thou t  regard t o  technology o r  cost  f a c t o r s .  
For  example, t h e  Na t iona l  Ambient A i r  Q u a l i t y  Standards (NAAQS) o f  t he  
Clean A i r  Act  belong t o  t h i s  category. 

( 2 )  Technology-Based Standards 

Technology-based environmental standards focus on the  e f fec t i veness  and 
cos ts  o f  a l t e r n a t i v e  c o n t r o l  technologies r a t h e r  than on how c o n t r o l  
ac t i ons  could a f f e c t  r i s k s .  For example, i n d u s t r i a l  water  p o l l u t i o n  
standards, where t h e  i n s t a l l a t i o n  o f  a s i n g l e  c o n t r o l  system can reduce 
r i s k s  from a v a r i e t y  o f  d i f f e r e n t  p o l l u t a n t s ,  belong t o  t h i s  category. 

Consider t h e  severa l  technology-based standards i n  the  Clean Water Act .  
The Act  requ i res  i n d u s t r i e s  t o  i n s t a l l  several l e v e l s  o f  technology-based 
c o n t r o l s  f o r  reducing water p o l l u t i o n .  These inc lude  best  p r a c t i c a b l e  
c o n t r o l  technology, b e s t  convent ional  technology, and best  a v a i l a b l e  
technology economical ly  achievable f o r  e x i s t i n g  sources. New sources a re  
sub jec t  t o  t h e  best  demonstrated con t ro l  technology. To ta l  costs, age 
o f  equipment and f a c i l i t i e s ,  processes invo lved,  engineer ing aspects, 
environmental f a c t o r s  o t h e r  than water q u a l i t y ,  and energy requirements 
are t o  be taken i n t o  account i n  assessing technology-based con t ro l s .  

(3 )  No Unreasonable Risk 

This  category c a l l s  f o r  t h e  balanc ing o f  r i s k s  aga ins t  b e n e f i t s  i n  making 
r i s k  management dec i s ions .  The f o l l o w i n g  are two examples i n  t h i s  
category:  

0 The Federal I nsec t i c ide ,  Fungicide, and Rodent ic ide Act requ i res  
EPA t o  r e g i s t e r  ( l i cense )  pes t i c ides  which, i n  a d d i t i o n  t o  o t h e r  
requirements, i t  f i n d s  w i l l  n o t  cause unreasonable adverse e f f e c t s  
on t h e  environment. The phrase r e f e r s  t o  any unreasonable r i s k s  
t o  man o r  t h e  environment t a k i n g  i n t o  account t h e  economic, s o c i a l ,  
and environmental cos ts  and b e n e f i t s  o f  t h e  use o f  any pes t i c ide .  

Under the  Toxic  Substances Contro l  Act ,  EPA i s  mandated t o  take  
a c t i o n  i f  it f i nds  t h a t  a chemical substance presents o r  w i l l  
p resent  an unreasonable r i s k  o f  i n j u r y  t o  h e a l t h  o r  t h e  
environment. T h i s  inc ludes consider ing t h e  e f f e c t s  o f  such a 
substance on h e a l t h  and t h e  environment and t h e  magnitude of t h e  
exposure of human beings and the  environment t o  such a substance; 
t h e  b e n e f i t s  o f  such a substance f o r  i t s  va r ious  uses and t h e  
a v a i l a b i l i t y  of  s u b s t i t u t e s  f o r  such uses; and t h e  reasonably 
asce r ta inab le  economic consequences o f  t h e  r u l e ,  a f t e r  considera- 
t i o n  o f  t h e  e f fec t  on the  na t i ona l  economy, small businesses, 
t echno log ica l  i nnova t ion ,  t h e  environment, and p u b l i c  hea l th .  

THE ROLE OF COMPARATIVE RISK ANALYSIS 
EPA's suppor t  f o r  us ing comparative r i s k  ana lys i s  t o  he lp  se t  i t s  regu la to ry  
p r i o r i t i e s  has been no sec re t .  Un l i ke  r i s k  assessment, which f o r  years has 
provided r e g u l a t o r s  t h e  bas i s  f o r  dec id ing  whether o r  n o t  an i n d i v i d u a l  
substance needs t o  be c o n t r o l l e d ,  comparative r i s k  ana lys i s  and i t s  d e r i v a t i v e ,  
r e l a t i v e  r i s k ,  have a r r i v e d  on the  scene o n l y  recen t l y .  Very s imply  described, 
comparative r i s k  ana lys i s  i s  a procedure f o r  rank ing  environmental problems by 
t h e i r  seriousness ( r e l a t i v e  r i s k )  f o r  t h e  purpose of ass ign ing them program 
P r i o r i t i e s .  T y p i c a l l y ,  teams of  exper t s  p u t  together  a l i s t  o f  problems; then, 
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they s o r t  t h e  problems by types o f  r i sk - -cancer ,  non-cancer hea l th ,  m a t e r i a l s  
damage, eco log ica l  ef fects,  and so on. The exper ts  rank  t h e  problems w i t h i n  
each type by measuring them against  such standards as t h e  s e v e r i t y  of  ef fects,  
the  l i k e l i h o o d  of t h e  problem occur r ing  among those exposed, t h e  number of  
People exposed, and t h e  l i k e .  The r e l a t i v e  r i s k  o f  a problem i s  then used as 
a fac to r  i n  de termin ing  what p r i o r i t y  t h e  problem should rece ive .  Other 
fac to rs  inc lude s t a t u t o r y  mandates, p u b l i c  concern over t h e  problem, and t h e  
economic and techno log ica l  f e a s i b i l i t y  o f  c o n t r o l l i n g  it. 

EPA'S Science Advisory Board urged t h e  Agency t o  o rder  i t s  p r i o r i t i e s  on t h e  
bas is  o f  reducing t h e  most ser ious r i s k s .  The Board argued, i n  p a r t  ... There 
are heavy c o s t s  invo lved if s o c i e t y  f a i l s  t o  set environmental  p r i o r i t i e s  based 
on r i s k .  If f i n i t e  resources are expended on lower p r i o r i t y  problems a t  t h e  
expense of h igher  p r i o r i t y  r i s k s ,  then s o c i e t y  w i l l  face need less ly  h i g h  r i s k s .  
If p r i o r i t i e s  are es tab l i shed based on the  grea tes t  o p p o r t u n i t i e s  t o  reduce 
r i s k ,  t o t a l  r i s k  w i l l  be reduced i n  a more e f f i c i e n t  way, lessen ing  t h r e a t s  t o  
both p u b l i c  h e a l t h  and l o c a l  and g l o b a l  ecosystems.. . . (EPA-93/I). 

THE ROLE OF RISK COMMUNICATION 
Bas ica l l y ,  r i s k  communication deals w i t h  the  approaches t o  communicate w i t h  t h e  
pub1 i c  on var ious  environmental issues. Some recommended communication 
c h e c k l i s t  i tems are  prov ided as f o l l o w s  (EPA-90/6): (1 )  Be prepared; (2) 
Review the fac ts ;  (3)  A n t i c i p a t e  l i k e l y  questions; and (4 )  Consider what t h e  
audience wants t o  know. 

THE ROLE OF R I S K  UNCERTAINTY 
Uncer ta in ty  means t h e  q u a l i t y  o r  s t a t e  o f  having poss ib le  v a r i a t i o n s .  I n  r i s k  
analysis,  u n c e r t a i n t y  f a c t o r s  include: (1) the  v a r i a t i o n  i n  s e n s i t i v i t y  among 
the  members o f  t h e  human popu la t ion  ; (2) the  u n c e r t a i n t y  i n  e x t r a p o l a t i n g  
animal data t o  t h e  case o f  humans; (3) the  u n c e r t a i n t y  i n  e x t r a p o l a t i n g  f rom 
data obtained i n  a study t h a t  i s  o f  l e s s - t h a n - l i f e t i m e  exposure; (4) t h e  
i n a b i l i t y  o f  any s i n g l e  study t o  adequately address a l l  p o s s i b l e  adverse 
outcomes i n  humans. 

SUMMARY 
By way o f  summarizing, t h e  f o l l o w i n g  key quest ions concerning the  above- 
descr ibed " r i s k "  terms might be asked: 

( 1 )  Risk  assessment: What do we know about r i s k ?  or  how r i s k y  i s  t h i s  
s i t u a t i o n ?  

(2 )  R isk  management: What do we wish t o  do about r i s k ?  o r  what s h a l l  we 
do about i t ?  

( 3 )  Comparative r i s k :  What i s  t h e  rank ing  ( p r i o r i t y )  o f  t h e  var ious  
r i s k s ?  

(4) R isk  communication: What and how should a r i s k  assessor communicate 
w i t h  t h e  p u b l i c  on r i s k  ana lys is?  

(5) R isk  uncer ta in ty :  What i s  t h e  q u a l i t y  o r  s t a t e  o f  having p o s s i b l e  
v a r i a t i o n s  i n  conducting r i s k  ana lys is?  
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